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1. Introduction

The Ballistic Vulnerability Lethality Division (BVLD),* formerly known as the
Vulnerability Lethality Division of the Ballistic Research Laboratory (BRL), has
been involved in geometric modeling for four decades. From the very beginning,
geometric modeling has been incessantly tied to the vulnerability/lethality (V/L)
field. In fact, geometric modeling in the Army was specifically developed to
support V/L assessments, and its subsequent evolution has continually been
driven by the V/L requirements. With this direct connection to the V/L field, the
development cycle of geometric modeling at the BVLD has certainly been
atypical. Most other modern geometric modeling systems have their roots in the
mechanical drafting field, and have subsequently been tied to the
design/manufacturing environment. Thus, to understand the development of
geometric modeling at the BVLD, one nust first consider the history of the V/L
analysis field.

2. Background

2.1 Vulnerability/Lethality Assessments

The vulnerability of a system is a measure of that system's susceptibility to
damage when attacked by a particular threat mechanism. Lethality, on the other
hand, considers the reciprocal. and estimates the damage a threat inflicts on a
particular target. The earliest attempts at V/L assessments were concerned with
tanks being attacked by direct fire weapons. and relied heavily on subjective
judgement. The major concern was perforation of the armor;, hence, the only
geometric information needed was armor thickness and obliquity angle. The
penetration capability of the attacking munition was matched against the armor.
If perforation occurred, then estimates were made concerning damage and
residual system combat capability. Methodology soon began to emerge, however.
and by the late 1950s, computer codes existed to estimate damage sustained by
armored vehicles attacked by direct fire munitions.

These early V/L analysis computer codes considered large numbers of shot
locations on a target from several attack aspects. For each attack azimuth, shot
locations were evaluated for a grid completely covering the target. The geometric
information required was a formatted file containing a sequential listing of
information about each component encountered for each grid cell (or shot
location). The required information included the name of the component, line-
of-sight thickness, entrance and exit obliquity angles. and the type of material.
This information, known as shotline data, was manually derived. For each attack
direction, a A-inch grid was physically drawn over the appropriate engineering

* The BVLD is one division of the Survivability Lethality Analysis Directorate (SLAD). an
element of the Army Research Laboratory (ARL).
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drawing. Then, on a cell-by-cell basis, the shotline data were estimated (see
Figure 1) and written in the correct format to be evaluated by the V/L analysis
computer code.

i f II I I

Shotline sequential listing of
Compoen
LOS thickness
Obliquity angle I

Figure 1. lanual Shotlines From Engineering Drawings.

This shotline generation procedure was unsatisfactory. The mianual nature and
subjectiveness madle the whole process error-prone and time-consuming. In
addition, only those attack views for which engineering, drawings existed could be
evaluated. The attempt to rectify tIese shortcomings led lirectly to the birth or
3-dimensional solid geometric modeling in the Army. The process certainly had
to be computerized: hence. the solution to thle shot line generation problemi wns
twofold. First. a technique of representing the -reomietrv of thle target in thle
compuiter was required. Speond. an algorithm which would allow the comiputer to
interrogate the geomietri i representation stored in its memory and calculae the
shotline data would complete the solution. I .1 , 07. a contract wit i the
Mat hematical Applications Group. Inc. (MAGI), provided the solution. NIAI
introduced the Comnbinatorial Solid Geomnetry (CSG) tcelhnique for representing
geomietry in a comiputer and the ray-tracing geomietry interrogation schemne.

2.2 Combinatorial Solid Geometry

The CSC approach. still in Ise today. uses Boolean combinations of simple solid
gleometric shapes. or primitives, to modl conponents at any level of detail.
Figure 2 is a rendering of the current set of primitives while Figure 3 shows thle
results of several Boolean operations. The First geometric iDodeling sy.tem using
the CSC tech niquae required three separate files. The Iirst ile containe the

3-imnioa sld eoeri odlnginte ry.Te roes etany a

tber cmueie:kne h ouint h htiegnrto rbe a



parameters of the individual primitives, defining the shape, size, location, and
orientation of each. The second file defined the regions, which are the BMxoean
constructs combining the primitives from the first file. The third file identified
the regions by labeling which component of the target each region represented.
These CSG files constituted what has become known as a target description. The
target description was required input to the ray-tracing code to produce the
shotline information.

Figure 2. Sample CSG Primitives.

2.3 Ray-Tracing

The ray-tracing technique. as its name implies, mathematically intersects r tys. or
lines, with the CSG target description. Parallel rays are initiated from a "grid
plane" oriented at the desired attack direction. These rays are intersected with
the regions of the description. As the ray encounters a region. at the *ntersections
with each of the defining primitives of that region, the 3-dimensional coordinate
lc, cations and surface normals are calculated. The primitive-ray intersections are
then combined according to the Boolean fornliil3 for that region (see Figure 4) to
produce the actual intersections for that region. These intersection coordinates
are used to calculate thicknesses, which, along with surface normals and other
information further identifying the region. constitute the shotline information.

-3-
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The ray-tracing rode eliminated the short conmingsi of the hand-generated shotline
process and greatliy incremseti the overall V/L capability. Parallel shotline
information could( nlow be qutickly generatedi from any attack direction, including
nonzero elevations. Ftirt hermore. divergent rays could he 'zmed to simulate the
burt~ing phenomenon. Ray-tracing continues to this day. to be a flexible
geometry interrogation toolI andI has linen used to sAimiulate ma~ny natural
p henomen Ca..

2.4 BRL.-CAD

Thle dlevelopmenit or the ray-t racin rigtechnique immediately turned thle SIot light
directly on the t arget description. In adldit ion. new enpnbilitim~ andi more detailed
nnnilym.s p~lacedl incremsed em phmi.~s on the target drevriptions. So-xin thle
conlstruct ion and validation of target deseriptionm became the nioi^t cruicial andi
tme-cons.11ianiiig elemni t. in ft( lie*/I, pr x'e-4. The dema-nd for highly let ailed.

:w'iatIe. andio t Iimely t arget &-ecripjt ion-, jItick ly otitdlist anc the ca palbili iv to
pro' iwer themi. The miiai n rea%,,n wam hat the const ruction procedure itself
rvin itined a i maimili process. ni ired it, n m aiii frame/boat cl roinputiting environment.
Will theh p romiise ienionti ral I ((Ib tite e mergin rin t eractivye comptipt er graphics
field anid I he move towards I he open11 environmiett of thie UNIX operating sy'teni.

a ugt ermn project. wasmu itiate hi in me li l7Os to addre-vq tlxii problem h oi
Orf this project 'vam to create an interaictive (5G getumetric modeling 4ystemn
withlin f~he frraniework af a morr f'lexible, port able emmputing environment.

In lS)3. the first interactive ('$G modelinK xyttem1 Was intrtwiucedf. This -qvsteni
greatly reducred thle time requsired to construct Rvnd validaite CS(G target
diescripjt ions. rlic cotii puier hmrr'wire nrfieces:trv to miupport this ineractive
1iiollelinrg tstIemi wmm rat her Ii mit ed, and Ininluded a minni-milipiuter ilriviK 3g
"iii glr'l display de1vice. S(Xni . ho wever. thle gratphics work-Ontaion entered the
mia rket , provih Iig at Iremendtlits lxx)-tt it) lie ti rget desecriit io n jireparation
process. Thelu wi rk-snta:ion) provided airget dlecri bri- withi a powe-rfulddi. ae
omiplit irig platfrorii. including excellent. hineractive graphks Capability, -All at :1

es-latively low cost.

Ablxiii thle taneimre. tie algorit hm ins of 'iearl\ Iv- rac -ring codes4 were rewritten
hii lhe C' ;irr)sraimmiir g lwintuag arid pitt ini a libratry. This library miade thle
le-velopmrerit ()f new ray' -I r.acing-bLsved !Ipplic-Itions cisl#- niuchl ea:sier. The.
itil r:ie O'E iiv o'fejiiig "N "I iii :1i1d A lamrie volitime (fa.iciitd sfrt w4art IMve 1141
bundIIlefd into N~mfi is kmmviow m-t thle II/?I-( '.11) VpIiekager. Thks ofrt ware lvvLs beeti

di~trilorted Aorlif.%%ide itiive 198~7 amid is contiminlly being expandled and
iii r A ci.

3. Aailymes -ind Geometry Requiaremrents

Iit, owe r~ono'.;wi, \%(-on \eill evaituine the, niiajýr type-c or animlv',*' whichi itili~e
ltIf-( \h vr,iiftr\ pre.-e'ntimin :i briefr vvrji-;ti of ole capabim)lities,' limit :1tionis.
mid re'1 iiireitienti of) t'hi). nit-ii \% 'v ill diIti"~ how these chairacteri-;tics
I r~itNhle jinto .lefiindt,l oi thle gvmefriviIn (:irget il(,rriptioii reqlitireil to -mt;'port



each level of analysis. The selection of analysis codes considered is not intended
to be all inclusive. rather an examination of the mnajor types of analyses most
often encountered. The analysis codes will be considered in somiewhat or a
chronological order of devetlomient.

3.1 Nuclear Assessment

The Vehicle Code Systemi (VCS), ' is the nuclear vilnerability assessment code
andl is used to evaluate the shielding properties or a vehicle against initial nuclear
radiation. The V'CS code uses a Monte Carlo rnodifle. Multigroup Oak Ridge
Stochastic Experimient (MORSE)l 1 code, to estiin it e radiation transport
through the vehicle. The V'CS code cal~culates estiniates of the radiation dosage
received by individ--ual crew miembers,. the only critical comiponents of the target.

Target descriptions prepared for the VCS coder have t raditionally been lie mnost
limited and specialized. The \VCS target. (escription requi~remen-ts, were firý.t
presented ini detail iii 1976. As signilicant advances have been maide in corniput ing,
power andii ileniory. niiany of oi s'5& restrictions ito longer exist. but will be
presented I '( or coninplet eness. The mnost. restrictive conditio n wns the Iiniiii taioi( i oin
the nunib er of pri in iti yes allowed. In the late I 970s. ii aclenr t arget dlescri ptio ns

were imnited to 6MX primnitives. preferably less4 than 3MX. This, size restrict ion hand
several i ni plications. the obvious being the amiount of del i ii wmhic i had to Ie usei
j i-diciolisly. Corniponen Is with like attIenuiation clia ract erist ics had to beI
cornihined. whbile ot her comiponents such -is the hutllI. turremt. silispenlsaion and in ii n
armamnent had to be miodeled in low detail. Larger coin potiint s which woni. I otfrr
signli flean t Shielding. such a.s stowed am nio, also had to represented. but ais a il
aggregate volumie.

The sizeA restrict ions of the NV(S code no longer exist: h wcver. here -ire ot~nie
requiiretnent isthat still ifl lst he colnsidlred whlen prepani iis, a \S tir a ct
description. A\u accuirate description or the armior slvi' is reqli nted . liritnor
thickness is import :nti. but unlike ballistic tilodleV. thel obliliquily -iti-Ics:ire, Ili-
critical. Still. since- thle tnrget description inay be ii~.ec for ot tier pilrposq,.
:wciin:ite- obliqiuity aiiigles shioiild be niodelecl. The exterior liwll shoidd iuiuhidle
aneis. where r:Oin~tion pa~rticles ni v gin vontrinev. This iaacai,, i hat dei~l ill :Ii
clearainces -ire mi niot lit inl aireas suit(I ias hatcheis, sighdting, devires., :idi :iir hat :lku
ari1d eXhau11st Lrills and ventis. Allc -ritical -(l coponlents t hat could bce :1ah'rci'cle 1, y
r:ichiat ion, inchludin, the crew. should hec incluided. Like'wisc,:all ma1:jor ilaicnucal1
cotllpolaeiats haut provide shielding. inaiit Ill, rep~resented. .\II inoternal air Ila~ e

niclle sa neclr cotta joii('ti 1.1Vi1:alY. the comtlplete i:1rgrt. titlist be 1''itlosel'
in atil vxex{rtia air regioni. si ugon :i reg'ion neplresentinug tl( lie roittid.

3.2 Compartment Level

'h l'lac cciaacat tiiu'tit-lc'vc'l viihiruq'rihlity net olodohgv \%-:is thle firstillpcjrorivii to \'/I,
:a--cs'.lietlt :111d, :is taac'rtimita'l earlier. \%-:is thle 'Iriviwag kneev( he'lai~ll the
devec'hjcrne'rt or gcoiaicvtri'i aicllcling a'11 m.?rcig.14lcrt %\'re t\( v' i 'rk-

'oi) ~it cit-c'el\'/I, co)des. one for kitieticiv u'~' : )ulu:cstaill 1,11' for
c'livleraj:1l v''g'(la' haarrg(') f~ch':d it 19)79, I hi-'vc code,'" \%ci urc* itii tij



into the VAMPt71 code. The compartment-level codes are the least sophisticated
of the V/L codes. True to their name. these codes consider the target as a series
of compartments contained within an armored shell. Penetration calculations are
matched against the armor defeat criteria. Upon perforation, the residual energy
(represented by a hole size) is used to predict damage from a compartment kill
curve. The only internal components that are considered on an individual basis
are those that would contribute to a catastrophic kill (K-kill) of the vehicle.

There are several important considerations when preparing a compartment-level
target description. The armor shell must be described as accurately as possible
since the thickness and obliquity angle are crucial in penetration calculations.
Other exterior components that would affect penetration, such as the main gun.
suspension components. and roadwheels, must be represented. Figure 5 is a
rendering of the exterior of a compartment-level description.

S~AR USLADIBVLD

Figure S. Exterior of a Compartment-Level Description.

The comnplete interior volme within the ar,:;or shell must be modeled and
divided into comnpart ments. The comprartnments -f interest are the crew, engine.
and ammo. Defining these conppartments is nccornplished by modeling air regions
aInd :,ssigning differentiating "air codes". There must not be any space between
the inner surface of the armor and the air regions (compart :'-nts). There is
interior space that mist not be iil' ided as part of the crew, engi r'. or ammo
conipartmenents. Tiese :%rea.5. such ;Ls between the h till belly and the i,:'r and
hetween the armor wall and an adjacent fNel tank. are ri)deled and identified at
separate compartments. Figure 6 shows these "compartment air regions" along
with the enclosing armor shell. Any K-kill component. such as fuel tanks and



stowed ammo. must also be represented. In addition, large shielding components,
such as engines and transmissions, are usually modeled1 at a lowv level of detail.
Other interior components need not be modeled. Figure 7 depicts the interior
detail of a compartment-level target description.

Crew Compartment Air
Engine Comnperiment Air
Non-Compartment Air

1ARUISLADIMIBV

Figure 8. Air Regions Repre.sentir'g Internal Compartmentq.

ARUISLAIWOVI.D

Figure 7. In t erior of a ( m partmrn'ut -Level ID"-cri p ion.



3.3 Component Level - Parallel Ray

The component-level vulnerability codes represent the next level of -omplexity in
that the target is analyzed at the individual component level. The first such code
was known as the VAREA181 code and was used for lightly armored vehicles,
trucks, etc. The COVART1 91 family of codes performs similar tasks for aircraft.
These codes compute the Vulnerability estimates in terms of Lulnerable areas for
specific penetrators, usually fragments and small caliber direct fire weapons. This
methodology requires component conditional kill probabilities given a hit for
every critical component. The vulnerable area of the target from a specific view
is the sum of all the individual grid-cell vulnerable areas. The grid-cell vulnerable
areas are determined by calculating a cell probability of kill and multiplying it by
the area of the cell. The view vulnerable area data are presented in a table for
the various fragment mass and velocity combinations.

It is no surprise that the geometry requirements for the VAREA codes shifted
emphasis to the individual component. The exterior shell must continue to be
modeled as accurately as possible. Other exterior components must include any
critical components plus any component that could contribute to a K-kill. Any
exterior component should also be included if it provides any significant shielding
or affects the penetration capability of the warhead. Figure 8 shows the detail of
the exterior of a component-level target description. All critical internal
components must be modeled in enough detail to support a component kill
analysis. The component conditional kill analysis uses presented areas of the
component from several aspects, ratioing projected areas of sensitive regions with
the total presented area. Thus, the presented area of the model of the component
should accurately represent the real component. Any other noncritical internal
component that provides effective ballistiz shielding should also be included. At
this level, components such as wiring harnesses and fuel and hydraulic lines are
generally modeled. Figure 9 is a rendering of the internal components of a
component-level target description.

3.4 Component Level - Point Burst

The point burst assessment codes are simply an extension of the VAREA level
codes, except the damage resulting from behind-armor debris (or spall) is
explicitly estimated. Parallel shotlines are used to simulate the main penetrator
while divergent shotlines (or spall rays) simulate the spall debris. The spall rays
are initiated whenever a burst poPnt is encountered along the path of a main
penetrator. A burst point is defined whenever a main penetrator exits an armor
component directly into an interior volume. The first point burst V/L code was
the VASTi 01 code, which evaluated kinetic energy and shaped charge warheads
versus tanks. In 1988, a stochastic point burst V/L code called SQuASHIIII was
introduced and represents a significant improvement in armored vehicle
vulnerability modeling.



Model courtesy:

ITEAS GroupI

Figure 8 Exterior of a Component I evel Description.

44.

I ~ . Model courtesy-

Figure 9. Interior of a Component-Level Description.
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The geometry requirements necessary to support a point burst V/L analysis are
nearly identical to the VAREA requirements as far as the components are
concerned. The one major difference is the need to identify burst points. Recall,
burst points are located on the inner surface of armor components that are
adjacent to interior volume. Hence, to locate the burst points it is necessary to
know when one has entered the interior. As in the compartment analyses, this is
accomplished by representing all interior volume as air regions and then
identifying those where spall rays should be initiated. Note that one should avoid
any "undefined" volume between the exterior shell and the air regions, or the
burst points could be missed. Figures 10 through 13 are used to compare the
detail of several subsystems of compartment-level and component-level target
descriptions.

CoCormponet

Figure 10. Compartment-Level and Component-Level Gun System.
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Compartment

Figure 11. Compartment-Level and Component-Level Fuel System.
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Compartment

Figure 12. Compartment-Level and Component-Level Electrical System.
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Compartment

IComponent

Figure 13. Cornpart men t-Level and Comjponenjt-L~evel Power Train.



3.5 SPARC

For many years, spare parts for military systems were stocked according to life
expectancies and mean-time-between-failures in a peacetime environment. Little
consideration was given to parts likely to be damaged in battle. In the early
1980s, the SPARC (Sustainability Predictions for Army spare component
Requirements for Combat) program was started to address this oversight. The
SPARCII21 code was developed to quantify spare parts requirements in support of
combat damage repair. The SPARC methodology is really an adaptation of the
point burst methodology and. therefore, accounts for damage from both the main
penetrator and spall debris. The major difference was the introduction of the
concept of the mission-essential component, a more inclusive classification than
the standard V/L critical component. Any component whose loss would require
repair or replacement either to prevent damage to other components or to
maintain long-term operational readiness and reliability is considered mission
essential.

SPARC target description requirements are basically the same as the point burst
V/L analysis, except for the concept of mission-essentigi components. All
components that would be considered critical in a point burst analysis are also
considered mission essential. However, noncritical components may become
mission essential if they must be replaced when damaged to maintain long-term
operational status. For example, consider the third roadwheel of a tracked
vehicle. This roadwheel is not considered V/L critical since the vehicle is still
functional when the roadwheel is damaged. However, this damaged roadwheel
could lead to problems with other suspension components such as torsion bars
and the track and is, therefore, considered a mission-essential component for a
SPARC analysis. All mission-essential components, even redundant components,
must be uniquely identified. It is necessary, therefore, to assure that the regions
used to model a component are uniquely identified, and any other occurrence of
that component must be distinguish d from others.

3.6 SAR Signature

This methodology predicts Synthetic Aperture Radar (SAR) images by ray-
tracing the geometric model. At every intersection with the geometry, the ray is
reflected in another direction according to the surface geometry and appropriate
physical laws. This process is contitiued until the ray is reflected back to the
sensor or leaves the scene.

The geometry requirements for a SAR analysis are quite different than those
discussed up to this point. Ift the target exterior is completely conducting (i.e.,
metal), then no internal components are required. However. if portions of the
exterior shell (or any exterior component) are comprised of nonconducting
material (e.g., glass. plastic. etc.). then appropriate internal components should be
modeled. Likewise, hubs and rims should be modeled in detail as rubber is also
transparent to radar. Generally though, all the detail is concentrated on the
exterior surface. Since surface normals and curvature information are required.
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the exterior shell must be as accurate as possible. Curved surfaces must be
modeled as such and as faithfully as possible. Thicknesses are unimportant, but
if known should be modeled accurately. All exterior accessories should be
modeled and in great detail. Components such as headlights, taillights, hinges,
handles, braces. supports. large bolt heads, and individual track links should be
included in the model. Even rounded corners should be considered for larger
components such as external fuel tanks. This detail is required since any
condition that might possibly give a SAR return (e.g., a small corner reflector)
should be geometrically modeled. Figures 14 and 15 are exterior views of a
SAR-level target description with several areas of detail highlighted.

Model courtesy:
Geometr ic Solutions c

Figure 14. Example of a SAR-Level Target Description.
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Model courtesy:
Geometric Solutions Ind

Figure 15. Example of a SAR-Level Target Description.

3.7 IR Signature

The InfraRed (IR) methodology is designed to predict surface temperatures of
tagets. The Physically Reasonable Infrared Signature Model (PRISM)': code
is one of several such codes in use today. The PRISMI code is a lumped parameter
finite difference model which requires that geometric regions be represented as
nodes. Thus, conversion processes are required to prepare a CSG model for input
to this thermal model. The conversion process uses the geometry to create the
nodal inputs (see Figure 16). Afterwards, the geometry is again referenced to
display the resulting thermal predictions. The Faceted Region EDitor
(FRED)f1 4 and the IRPREPR'5 are two such codes designed to convert BIUL-
CAD geometric models for input to the PRISM code.
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Figure 18. Hligh Detail~ed Individtial Component Modeling.
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All objects in the BRL-CAD data file are referenced by a name. This name must
be unique and may consist of any characters on the keyboard. One must.
however, avoid using any special characters in a name, especially the / \. *, and
!. Upper and lower case letters are considered different characters: thus, Armor
and armor are different names. Names such as plate:#23(t---2.5) and wirelu'235
are perfectly legal names. As expected. tarmes are usually selected to identify the
object as to its function, and the whole process has become quite individualized.
We will discuss more about names in a later section.

4.2 Creating Hierarchies

The BRL-CAD data file is naturally organized ir, a hierarchical nature (see
Figure 20). From the discussion earlier about data records, one can see that
every object in the data file is either a member of some combination or by
definition, a top-level object. Hence. just by creating combinations, one is
creating a hierarchy of objects. The primitives (solid records) are created first
since under the CSG scheme they are the building blocks. The primitives are
then combined into regions (combinations). The regions are next grouped
together, usually to represent a component of the target. Next, several
components are combined to represent a subsystem of the target. As these -'

natural, logical groupings are accomplished, the hierarchical structure of the
target emerges. This grouping process continues urtil one combination, the top-
level object, represents the complete target. This hierarchy has been constructed
from the bottom, where all the solids were defined, to the peak. where the top-
level object reigns. This hierarchy is etvaluated opposite of the way it was
constructed. i.e.. from the top. down.

System •

Subsystems :S.... m......... i
".., .... ........ ... .. . . ..".

Cognet : T

Figure 20. Theli l•l{I.-C.\l) l litr:irchii':nl I);•t',i St rt, t urc'.



4.3 Some Conventions

As the modeling of a target progresses and the hierarchical structure takes shape.
the user has the freedom to select names on a personal preference basis. However,
it is beneficial to other users of the data if some conventions or standard practices
are observed in the selection of the names. The following scheme is presently in
use at the BVLD for the construction of BRL-CAD models of armored vehicles.
This scheme can be used as a guide in selecting similar naming conventions for
other classes of targets. The naming conventions for armored vehicles are
concerned only with tie top few levels of the hierarchy. The modeler- is free to be
creative at the lower ,evels.

As previously discus-ed in detail. BRL-CAD target descriptions are utilized in
several V/L applicat'ons. It is only logical, therefore, that the top-level name(s]
should indicate the intended usage. Upon seeing the top-level object name. any
user would then know the intended application and. therefore, how the target was
modeled. Note that the "tops" command in MGED (the BRL-CA)D geometry
editing code) will list, all top-level objects in a BRL-CAD file. As we have seen.
components are modeled differently depending on the intended application, and.7f this difference is often in the amount of detail. The hierarchical nature of the
data file allows one to create several versions of a single component while sharing
common geometry. Extending this feature allows several versions of the same
target to coexist in the database, sharing common elements. With this in mind.
each top-level niame has two characters assigned which are used to distiniguish
lower-level names. In the armored vehicle naming scheme, the following top-level
names have been selected (the assigned two characters are in parentheses):
nuclear (nu), compartment (ca), component (co). sparc (sp), radar (ra). and
infrared (ir). -ks new applications arise, a similar top-level name and a.l.sociated
two-character designator will be chosen.

At the next level immediately below the top level, which we will call the (-I) level.
we have selected three names: turrel, nu, hItll. un. and s.spension.nn t. The "un"
siflixes represent the two characters assigned to the top-level names..\t thw next
level below each of these names, the (-2) level, we have selected three names for
the h3ll.nn and tur'et.nn grom ps. No fNirther nanies have been selected for the
suspension.nn groiip. For the tirret.nn grotip. the following names have been
selected: tmr.e r,. ti t r, t ur. ut.t l, and tir. air. t ii. As no surprise, the following
nines have beell selectcd for the hilliin grolip: hull.cx.n, h thll.it. nn, and
h1 tll, air. n?). These lower-level naming conventions for armored vehicles are
snimmarized in Table 1.

- 23 -



TABLE 1. Lower-Level Naming Conventions for Armored Vehicles.

Names

(-1) Level (-2) Level
turret.nn tur.ext.nn

tur.int nn
tur.air.nn

hull.nn hull.ext.nn
hull.int.nn
hull.air.nn

suspension.nn -none-

5. Modeling Philosophy

Probably one of the difficult parts of geometric modeling is where and how to
begin the process. As with most procedures, the first step should consist of a
review, analysis, and planning phase. Hopefully, some of what has been presented
up to this point will help in this initial phase. The modeler should think about
the task that lies ahead, considering such things as the following: just exactly
what is the final expected product; what will the model be used for; how much
descriptive information is available, and what form is it in; what, if anything, has
been done in the past; and can existing ("library") components be used. Next, one
should devise a general plan on how to accomplish the actual construction of the
model, including rough time estimates for each phase. This general plan should
include all the major subsystems of the target that must be modeled. For most
military targets, the tersest general plan would consist of the following: (1) model
the e.-terior shell, (2) model the internal air, and (3) model all the remaining
components. Of course we are being facetious about step (3), but steps (1) and
(2) of this general plan are genuine. The goal is to get a "correct" exterior shell
(with internal air if necessary) before any components are added. If a tank were
being modeled, the first steps might become as follows: model the hull shell,
model the hull air, model the turret shell, and model the turret air.

Finally, since much of the modeling effort goes into step (3) (model all remaining
components), we will discuss how to model components3. This discussion will be
more "cookbook" oriented, but we still will not go into the details. Other
publicationsilr' have discussed geometric modeling with BRL-CAD in detail. As
always, initially, time should be spent analyzing and planning. First analyze the
component to be modeled and decide on the detail required, formulating exactly
how to represent the component, including what solids to use and how to combine
them into regions. Then create the solids, so they have the desired shape, size.
and orientation. To take advantage of any symmetry, create the solids at the
origin. Next combine the solids into the regions, then group these regions into a
combination representing the completed component. At this point check for and
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fix any interferenbes (regions occupying the same volume) within the component
and create pictures for visual verification. Note that both of these actions are
performed using ray-tracing. The model of the component is now completed, so
it's time to move it to its location within the target. This task is accomplished by
editing the combination (translate, scale, and/or rotate). Recall, this editing is
stored in the matrices of the member records, so the components primitives (solid
records) are still at the origin. It is recommended to "push" (an MGED
command) this editing down to the solid records at this time. Next check for and
fix any interferences between this component at its new location and the rest of
the description. This process is repeated for every component that is to be
modeled.

6. Summary

In this paper we have presented a general, overview type of approach to
geometric modeling with BRL-CAD. We outlined the important link between the
intended application and the overall requirements of the geometric model. We
looked at an approach to effective BRL-CAD database management, based on the
design of the database structure itself. We also presented some standard naming
conventions that have proven effective for armored systems. Finally, we discussed
the philosophy of geometric modeling and presented a general plan to accomplish
any modeling project.
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220 Sevettth St reet. NE AN STA. RSK (Sam (;l~tiai)
Charlottesv ille. VA ±221N)l.53l6, Warren. \I! 1*M~)-5(X)0

3 Director i6 C'ommande'r
U.S. Army Nfi-ile -k Spare. lIntelliv-ece ('ir U.S. A rmy nk cttmmv ommm.o'

ReW'one Ar-enal, AL 3~M.0M ~IT.S() ie'

I Director ANSA-S (,I, Soltel)
US. Army Nfi~.%ih' k- SpaCe Intelligence Citr Warren. Ml N-V17.5X)

Redmtone .Ar'.enal. .Al, 35.")S!-,30740 I Office of the VE.O, Armrviok- *,v, \h~mf
ATTN: SF'AE.ASNI.CV (firvin Wtnko4k)

9 Director Warren. Nil 030It7.11M
(U.S. Army Nlj.'.ile and1 Space Intellig ncet Ctr
ATTN: AINIs-wr (Pat Jordan) I (onitwintirr

AINMS-YID (Vernon L. Stailletip) IIu Ij ))
A S.YIIms-) (Trhom~a. BllAlk) ATTN: A=,t lDep Chief (if Staft for

.I!S-YIS'- (Poet Kirkiland) ('omhat 01pera-t I011
Ali\I-N.ylI (lFranci.' G~. ('line) Fort Mionroe, VA :I6531.4AM

AiN\is.YR'r (Do~n A, Slaymiaker)
A.\NISN Il- RI-X (W,. Pijwtmtan) I (omm.ninder
Randy' L. SmnithI TRADOC

Redstone Arsetial. AL, 35,04-5500 ATTN" ATAN-AI' (Ma~rk W \ltmrry)
Ft Mfonroe. VA 2:1111.~i13

10 Commander
t,',S. .mn rink-Ali~tonmotive (omnmnnd I D~irector

ATN ~M'lxNfs(1) ( Y:IYe) r m. *. mv 1-:114111.1r \Vnaer%%;1V,

AMST A-(i? (Mir, \Uterlck ) E'~pvrititeft ýt at tot
v\ tsi'.A-(,\, ( 't )l, V ,g- \'N LVlslC(hal. .~hvoiint)
.NNmwr.\-N.il\ (.I l?o\%e( 31X)09 I tIA1, Fvrtýlo~,

.A\I'I S lJT (\Va:iHY \wk) U S Army ('ol' Rrezionq Resercrh Inki
(HT-P on Heck) D~evelopment l.Ahorator '

AN ,s*r,\-w,( - ?s( (ji ,', Ae ~);TTN 'le'htim1c:11 Dirieftor (1.ewi.' Link)
\Varren. NIl 1'4397-",00X 72 L\~ me Ra

llatiover, *NIl 037,-...)
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I U.S. Army Corps or Erngineers 3 Director
A.-tsistant Director RS'D Directorate U.S. Army Engineer Waterway. Experiment
ATTN: Mr. B. Benn Station
20 lat.,achu.,etts Avenue, NN% ATTN: WF- SEN (Dr. V. LaGarde)
WVmhington. D)C 2031.I-I000 WEE.qN (Mr. W, Grabati)

WESEN-C (Mr. Da% id Meeker)
Commander PO MxoX 631
U.S. Army Operational Te.t & Evaluation Vicktburg. MS 3918"-;31

Agency

ATTN: M.(; Stelphen.rn I P1M-AFAS
1501 Ford Avent. ATTN: SFA.-AS.S-AF-E (T. Kuiriata)
Alexandria. VA. 22302-11 .5 Picatinny Artenal. NJ 07806-5000

"Comnnander I Commander
U.S. Army VuIne.rability A.\ie-.4innt David Taylor Rpeprch C(enter

LJahoratoryv ATTN: Code 1702 ({fr, Roh-rt W\indvrlirk)
ATTN -L(VA-(F (dil Apodta,.:) Code 17,10.2 (M\r. Fred I.. Vclh)
White Sandx Mi,-ile Range. NM S8002-5513 ('ode 1750 (Mr. William ('onley)

Code 1702 (Mr. Prter ('3.114)

)Dirnector |etheda. MDI) 2ims-um)

ATTN Vrl('-I!) (NIc('o v) I Director
\'.II, NM.% I 0<12-;502 Lawrence Livermore N.tional Laboratory

ATTN: Mark Wilkiovt (L-3321)
2 .'S. General Aro+nutinrt Oltfice PO 1o3 "A
P'rogramui lvluia on k ,ethodhlofhiy Divi-ion L.ivermore, CA 9-45-51
,VTTN: Robert (G. Orwin

Jo-,eth ominreh 2 D)irector
Ro•m)nt *)A I I Lo4 A.'lamo N.tjtonal ILaboratory

I I (I •ltreot. NWV ATTN: Dean C'. Nrele.•NI 9MS,)
\Vashingtou. D)C 21, It8 Terrence Phillilp. NMS G77

P0 DIox 1603
Direcetor l,(V ,lamo4, MNI S751.
U'.S. Army ModIl Improveitment ,amil St udy

.I:11:1•a,'mrint ,g\nc I Dlirector
ATTN. 1F' S-lII• (F ugeu, l' \:sco) I,(" Al.l.mo Nationil Laloratorry
('rysl S•wii 1 r"- 2, •ulutre *'t} . ATTN: LT(' Michael V. Zuihnuu1, NIS F~ltl

17'1) .etT, r-o<w l)D. ' t, Ifiqh%% y t '-+NI C
Arlington. V.A 22"202 P)0 bo1 It61

bot Al\Imjot NM S751.5
2 Director

L' S. Army Indst rml ll-e- Er'ngiierin.g- I Dir.ctor
ctivity Lot Alamo" Nationid Laboratory

,\'rTN: :. -tl.r ATTN: Dr. Roy A. Lucht, MS J'(.1
V\ANIIH-P' (Ste.\p Mr(Iolre) 'roup MN

Riock ilIind, I!. t61299-7'2t60 Lot Am.mo,. NM S•7,"1S

U S. ArmY Enuxinorr Topographic L.:utratcurir-
ATTN: "recil i.ii• lDirt-rio'r (\W 11,1;e)

Fort R•,jvoir. V,, \ '.(2)t).-5' )

- 33 -



No. or No. of
Copies Organization Copies Organization

I Director 3 Commander
Sandia National Laboratories Naval Su~'ace Warfare Center
ORG. 2300 ATTN: Glen Ilornbaker. Code G10-2
ATrTN: Ron Andreasi. Director George W~illianms. Code .J33
I .0. Mlx .8o0 Thonma.. Wamnitnd. Code G;29
Albuquerque, NAI S7185-nis0 Dahlgren, VA 22*I118-5W)

I Director 5 Comianda,týr
Sandia National Laboratories U1.S. Naval Surface Warfare ('enter
Division I6 11l ATTN: Frank Famssnacht, Code NI 5
ATTN:T'ont .Jam1es Norma 1). 1 lolland. (code R11.1
Albiuquuerqtue, NM s7185) William Mcolloald. Code RI I

I Dirctor r. F. E'. flaker
DirectorWilliam Em lwrsomi, Codle 11021i

Sandia National Ll-abratorie, 10901 New Ihlnip~lmire Ave.
D~ivision 162-3 Silver Spring. \Ml) 2tN().-(xX)
ATTN: Larry lbfomet Icr
A I buquerqm m. ',\ t S7I8 I ('onmm ma ner

u.s. Naval stirf-c, Warfare (CenterI Director ATTN: Mi. John Tinto
Sandia National La,'woatories4 10509 Edgelieldf Drive
ATTN: Gary W. Richter Adeiphi, Il) 20783-1I130
110)1kax q(59
Livermore, C A 94550 2 (Commander

U.S. Naval lWeapons CenterI Commander ATTN: Jay Ilumterworth, Code 3931
U.S. Navnl Air SYstenis Command Dr'. Ilielen Wa*,ng, c('ode mr5
JTCG, lA. Cent ral Office Jlldig I lIM, Roani 1120)
.vrTN: 516.1.1 (LTC Times it. sehlmka) China Lake. CA. 33360
Wwthington. DC( 2036(1

9 Commativder
I Commander U.S., Naval Weapon% Center

ADR PM. Codfe A\II?. 111121 ATTN: Da3vid If. I Lall, ('oe ('21M
ATTN: Tomi Furlouigh Mark D). Alexander. ('ode 38q INiav~l Air Systems ( ommand Meklv 1I. K~eit h. ( ,odt , ("'28It)1
Washling t on., Dc 2t)3t I - I1I1) oli -on Mlanion. ('ode 3386

I Comaner im 1 lorton. (Code cm8('omnto ai derRonert (Cox. Code ('2817U.S. Naval Ocenn S , Ytm- Cns(enter Rex Ratulollsh, (Code (C2817
AT'1TN: Earle G~. Schweiteir, (Code (XX) William 1'onk in. ('ode :1.Islt"San Die go. CA. 2151\ (8 'rerry .1. "'ilsoni, ('de ('281

CoividrChinia Lake, ('A 955B

US. Naval Surface Wirfare ('enter I ColmnnanderATiTN: Greigory .1, Midod U .S. 'Naval C'iv il En; l.Aloraimo s..
1;:1m14S Ellis ATTN; Johmn Ni F'er ritto, ('oti,
B~arbaira .1, 1 larri,. Port I luenenme, (',A im3)13
Const ance I'. Rollinsq

(Code G 131
D~a hIg re n, V~A 221118. 1(XX
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Naval Postgraduate School I Commander
Dept of Aeronautics & Astronautics U.S. Naval Sea Systems Command
ATTN: Prof. Robert E. Ball ATTN: CPT R. Percival USN. SEA 0ST
Monterey, CA 939-13 2521 Jefferson Davis Hwy.

Arlington. VA 22'202
Naval Postgraduate School
ATTN: Dr. Michael J. Zyda, Code 52 I Commander
Department of Computer Science Space & Naval Warfare Systems Command
Monterey, CA 939.13-5000 ATTN: Paul Wessel. Code 30T

Washington, DC 203•3-5100
Naval Postgraduate School
Department of National Security 2 Commander
ATTN: Dr. Joseph Sternberg, Code 73 David W. Taylor Ship & Development C'tr.
Monterey. CA 939-13 ATTN: W. Conley. J, Schot

Bethesda, MD 20084
Commander
Naval Air Sysytems Command I Office of Naval Technology
ATTN: Philip Weinberg, AIR-516.1 ATTN: David J. Siegel
Washington, I)C 20361-5160 800 N. Quincy Street
Commander Arlington. VA 22217-5000
Naval Sea Sysytems Command
ATTN: William Boyce, Code 56Y52 I Commander
Wa.shington, DC 20362 .16 T\VEAL

10.1 Cherokee Avenue
Commander ATTN: Robert L. Stovall
U.S. Naval Sea Systems Command Eglin AFB, FL 32542-5000
ATTN: Granville Broome, SEA 5011
2521 Jefferson Davis flwy. 2 \VL\INAW
Arlington. VA 22202 Mr. John A. Collins

Dr. Bill Cook
3 Commander Eglin AFB, FL 32512-5-13.

U.S. Naval Sea Systems Command
ATTN: Philip Covich. SEA .5X I Commander

('PT Charles ('alvano, SEA 50 AFEW\Ci SAN.E
Robert Keane. SEA 1'0 Mr. Bch Eddy

W\V•hingvtor. DC 20362-5101 Kelly AFR, TX 782 13-51(M

2 Commiander I Commander
U.S Naval "en S y',,;ns ('ommand .A\FWVALA\R.A

ATTN: Oliver F. H]raxton ATTN: Ed Zelano
Donald Ewing. Code 503 Wright-Patterson AFH, Of -15-033

2521 .elff~eron Davis IHwy.
Arlington. VA 22202 1 Commander

.A\'VAL FIES
3 Commander ATTN: James Hlodges Sr.

U.S. Naval Sea System4 ('ommand Wright-Patteron A\FH. Oil 451 3:1331-23
ATWN: Anthony F. Johnon. SIK.*\ O.P2

(CPT \Villiam M.1h,,w. PMNS 1-23
Carl If. Pohll'r. ('od. 0)5-R23

Wa.shington. D)(' 2()362-51O1
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2 USAF I Commander
WL/MTI AD/CZL
ATTN: Mr. William Ru.sell ATTN: James M. Heard

David L. Judson Eglin AFB, FL 32542-5000
Wright-Patterson AFB, OH 45-i33-6533

1 Commander
2 Commander AD/ENYW

ASC/WL/FIVS ATTN: Jim Richardson
ATTN: Martin Lentz Eglin AFB, FL 32542-5000

Ralph Lauzze
Wright-Patterson AFB. OH 45433-6553 1 Commander

U.S. Army FSTC/CA3
Commander ATTN: Scott Mingledorff
WRDC/, /AARA 220 Seventh Avenue
ATTN: Michael L. Bryant Charlottesville. VA 22901-5306
Wright-Patterson AFB, Off 45433

1 Commander
I Commander U.S. Army FSTC (UK)

FTDiSD\IBA ATTN: MAJ J. Garnett
ATTN: Charles Darnell 220 Seventh Avenue
Wright-Patterson AFB, OH .15.133 Charlottesville, VA 22901-5396

Commander I Commander
FTD/SDMBU U.S. Army FSTC
ATTN: Kevin Nelson ATTN: Dr. Tim Small
Wright-Patterson AFB, OH 45433 220 Seventh Avenue

Charlottesville, VA 22901-5396
Commander
FTD/SQDRA I Defense Intelligence Agency
ATTN: Greg Koesters ATTN: D13-6E3 (Jay Hagler)
Wright-Patterson AFB, Of .145.133-6508 Washington, DC 20340-6763

Commander 6 Institute for Defense Analysis
FTD ATTN: Mr. Irwin A. Kaufman
ATTN: Tom Reinhardt Mr. Arthur 0. Krespe
Wright-Patter.on AFB, Off .15433 Dr. Lowell Tonnessen

Mr. Benjamin WV. Turner
Commander Ms. Sylvia L. Waller
FTD,!SDAEA Mr. Dave Hlardison
ATTN: Joe Sugrue 1801 N. Beauregard Street
Wright-Patterson AFB. Oi .15433 Alexandria, VA 22311

Commander I Institute for Defense Analys"
AFWAL iAARA ATTN: Carl F. Ko,.sack
ATTN: Vincent Velten 1005 Athens Way
Wright-Patterson AFB, Of 45,133 Sun City, FL 33570

Commander I Institute for Defense Analyses
FTD/SQDRA ATTN: Dr. Natarajan Subramonian
ATTN: Larry E. Wright 14309 Hollyhock Way
Wright-Patterson AFB, Off 15433 Burtonsville, MD 20866
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Department of Commerce 1 Alliant Techsystems, Inc.
National Institute of Standards and ATTN: Hatem Nasr

Technology Systems and Research Center
Manufacturing Systems Group 3660 Technology Drive
ATTN: B. Smith P.O. Box 1361
Washington, DC 20234 Minneapolis, MN 55418

AAI Corporation 2 Alliant Techsystems, Inc.
ATTN: H. W. Schuette ATTN: Raymond H. Burg
PO Box 126 Laura C. Dillway
Hunt Valley, MD 21030-0126 MN50-2560

5901 Lincoln Drive
2 American Defense Preparedness Association Edina, MN 55436

ATTN: Donna R. Alexander
Bill King I Aluminum Company of America

Two Colonial Place, Suite 400 ATTN: Frank WV. Baker
2101. Wilson Boulevard Alcoa Technical Center
Arlington, VA 22201-3061 Alcoa Center, PA 15069

Alliant TechSystems, Inc 1 Analysis and Technology
ATTN: Paul Schmidt ATTN: RADM Thomas Hopkins USN (Ret)
7225 Northland Drive 1113 Carper Street
Brooklyn Park. NM 55428 McLean, VA 22101

ARC Professional Services Group 1 ANSER
ATTN: Arnold R. Gritzke ATTN: James WV. McNulty
5501 Backlick Road 1215 Jefferson Davis Highway
Springfield. VA 22151 Arlington, VA 22202

2 Advanced Marine Enterprises 1 ARC C-500
ATTN: James F. Hess ATTN: John H. Bucher

CPT Frederic S. Hering USN (Ret) Modena Road
1725 Jefferson Davis Highway Coatesville, PA 19320
Suite 1300 '4

Arlington, VA 22202 1 Armored Vehicle Technologies
ATTN: Coda M. Edwards

AFELM. The Rand Corporation PO Box 2057
ATTN: Library-D Warren, MI 48090
1700 Main Street
Santa Monica, CA 90406 1 ASI Sytems, International

ATTN: Dr. Michael Stamatelatos
2 Air Force Wright Aeronautical Labs 3319 Lore Jack Road

ATTN: CDJ, CPT Jost Encinitas. CA 92024
CDJ. Joseph Faison

Wright-Patterson AXFB, OH 45433-6.523 1 Auburn University
Electrical Engineering Department

Alliston Gas Turbine ATTN: Dr. Thom," Shumpert
Division of GM Auburn University. AL 368,49
ATTN: William D. Farrar
PO Box .420. SC S22B
Indianapolis, IN 46260-0-120
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A.W. Bayer and Associates 1 Board on Army Science and Technology
ATTN: Albert W. Bayer, President National Research Council
Marina City Club Room MH 280
4333 Admiralty Way 2101 Constitution Avenue, NW
Marina del Rey, CA 90292-5469 Washington, DC 20418

Battelle Research Laboratory 2 Boeing Aerospace
ATTN: TACTEC Library (J.N. Huggins) ATTN: Dr. Robert Chiavetta, MS-8K17
505 King Avenue . Dr. John Kuras, MS-SK17
Columbus, Ohio 43201-2693 P.O. Box 3999

Seattle, WA 98124-2499
Battelle Research Laboratory
Defense and Space Systems Analysis I Boeing Military Airplanes
ATTN: Dr. Richard K. Thatcher ATTN: MS K80-08. Jerry White
505 King Avenue PO Box 7730
Columbus. Ohio 43201-2693 Witchita, K.A 67277-7730

Battelle Research Laboratory I Boeing Vertol Company
ATTN: Bernard J. Tullington A Division of Boeing Company
4001 Fairfax Drive #600 ATTN: MS P30-27, John E. Lyons
Arlington, VA 22203-1617 PO Box 16858

Phil-,delphia, PA 191-12
3 BMY, Division of Harsco

ATTN: William J. Wagner, Jr. I Booz-Allen and Hamilton, Inc.
Ronald W. Jenkins ATTN: Dr. Richard B. Benjamin
Ed Magalski Suite 131, 4141 Colonel Glenn Ilwy.

PO Box 1512 Dayton. OH 45431
York, PA 17404

I Booz-Allen and Hamilton, Inc.3 Battelle ATTN: John M. Vice
Edgewood Operations WRDC/FIVSiSURVLAC
ATTN: Roy Golly Bldg 45, Area B

Gene Roecker Wright-Patterson AFB, OH 45433-6553Robert Jameson
2113 Emmorton Park Road I John Brown Associates
Edgewood. MD 21040 ATTN: Dr. John A. Brown

PO Box 145
The BDNI Corporation Berkeley Heights, NJ 07922-0145
ATTN: Edwin J. Dorchak
7915 Jones Branch Drive I Chamberlain
McLean. VA 22102-3396 ATTN: Mark A. Sackett

PO Box 2545
Dynetics. Inc. Waterloo, IL 50704
ATTN: Mr. James Miller
P.O. Box Drawer B Commander
Huntsville, AL 35811-5050 Combined Arms Combat Development

ATTN: ATZL-CAP (LTC Morrison)Bell Helicopter, Textron ATZL-HFM (Dwain Skelton)
ATTN: Jack R. Johnson Ft. Leavenworth, KS 66027-5300
PO Box 482
Fort Worth. TX 76101
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Computer Sciences Corporation 1 University of Dayton
Integrated Systems Division Graduate Engineering and Research
ATTN: Abner W. Lee Kettering Lab 262
9668 Highway 20 West, Suite I ATTN: Dr. Gary Thiele, Director
Madison, AL 35758 Dayton, OH 45469

CRS Sirrine, Inc. 1 Defense Nuclear Agency
ATTN: Dr. James C. Smith Structural Dynamics Section
PO Box 22427 ATTN: Tom Tsai
1177 West Loop South Washington, DC 20305
Houston, TX 77227

1 Delco Systems Operation
2 Cypress International ATTN: John Steen

ATTN: James Logan 6767 Hollister Avenue, #P202
August J. Caponecchi Goleta, CA 93117

1201 E. Abingdon Drive
Alexandria, VA 22314 1 Dow Chemical. U.S.A

ATTN: Dr. P. Richard Stoesser
DATA Networks. Inc. 1801 Building, Contract R&D
ATTN: William E. Reg3n. Jr. Midland, NI 48674-1801
288 Greenspring Station 2 Denver Research Institute
Brooklandville. MD 21022 ATTN: Lawrence G. Ullyatt

Larry Nut, ch
Datatec. Inc. 2050 E. Iliff Avenue, BW 228
ATTN: Donald E. Cudney Denver, CO 80208
326 Green Acres
Fort Walton, FL 32548 1 Drexel University

ATTN: Dr. Pei Chi Chou
3 David Taylor Research Center College of Engineering

ATTN: Robert E. Fuss, URED, Code 177 Philadelphia, PA 19104
John R. Krezel, LTRED, Code 177.2
Michael Riley, URED. Code 177 1 DuPont Company FPD

Portsmount, VA 23700-5000 ATTN: Dr. Oswald R. Bergmann
B-1246, 1007 Market Street

10 David Taylor Research Center Wilmington, DE 19898
ATTN: Seymour N. Goldstein. Code 1210

lb S. Hansen, Code 174 1 Dynamics Analysis and Test Associates
Harry Price Gray. Code 1740.1 ATTN: Dr. C. Thomas Savell
Jackson T. Hawkins, Code 1740.2 2231 Faraday Ave
Steven L. Cohen. Code 1230 Suite 103
Dennis Clark. Code 0111 Carlsbad, CA 92008
Dr. Paul C. St. Hilaire, Code 1210
Richard E. Metrey, Code 01 1 E. I, Dupont TED FMC
J. William Sykes. Code 175 ATTN: Richard 0. Myers Jr.
Herbert %Volk, Code 1740.1 Wilmington, DE 19898

Bethesda. MD 20084-5000
1 Eichelberger Consulting Company

David Taylor Research Center ATTN: Dr. Robert Eichelberger
ATTN: Arthur Marchand. Code 2843 409 West Catherine Street
Annapolis, MD 21042 Bel Air, MD 2101.1
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Electronic Warfare Associates., Inc. 2 BDM International
ATTN: William V. Chiaramonte ATTN: Mr. Steve Church, FX2B307
2071 Chain Bridge Road Mr. Tom Hooker, FF2B304
Vienna, VA 22180 7915 Jones Branch Drive

McLean, VA 22102-3396
Emprise, Ltd.
ATTN: Bradshaw Armendt, Jr I Comarco
201 Crafton Road Weapons Support Division
Bel Air, MD 21014l ATTN: Robert Sewell

1201 N. China Lake Boulevard
ERIM Ridgecrest, CA 93555
ATTN: Stephen R. Stewart
Exploitation Applications Department I FMC Corporation
Image Processing Systems Division Defense Systems Group
PO Box 8618 ATTN: Robert, Burt
Ann Arbor. MI -18107-8618 200 E. Randolph Drive

Chicago, IL 60601
E-OIR NMea:urements, Inc.
ATTN: Rus, Moulton I FMC Corporation
PO Box 12.10 Defense Systems Group
Spotsylvania, VA 22553-12.10 ATTN: Dennis R. Nitschke

2830 De La Cruz Blvd.
8 Environmental Research Institute of Michigan P.O. Box 58123

ATTN: Mr. K. Augustyn Santa Clara, CA 95052
Mr. Kozma
Dr. I. La Haie 1 FMC Corporation
Mr. R. Horvath Naval Systems Division (NSD)
Mr. Arnold ATTN: MK-.t5, Randall Ellis
Mr. E. Cobb 4800 East River Road
Mr. B. Morey Minneapolis, MN 55421-1498
Mr. M. Bair

PO Box 13-1001 1 FMC Corporation
Ann Arbor, MI 48113-4001 Northern Ordnance Division

ATTN: M3-11, Barry Brown
USA ETL/IAG 4800 East River Road
ATTN: Jim Campbell Minneapolis, MN 55421-1498
Bldg 2592, Room S16
Ft. Belvoir, VA 2%0G0-55-16 6 FMC Corporation

Ordnance Engineering Division
FMC Corporation ATTN: H. Croft
ATTN: Sidney Krans M. Hatcher
1105 Coleman Ave. Box 1201 L. House
San Jose, CA 95108 J. Jackson

E. Maddox
3 FMC Corporation R. Musante

ATTN: Ronald S. feck 1105 Coleman Ave, Box 1201
Martin Lint San Jose, CA 95108
Jacob F. Yacoub

881 Martin Avenue
Santa Clara, CA 95052
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GE Aircraft Engines I Hughes Associates
ATTN: Dr. Roger B. Dunn ATTN: J. Thomas Hughes
One Neumann Way, MD J185 6770 Oak Hall Ln #125
Cincinnati, OH 45215-6301 Columbia, MD 21045-4768

3 General Dynamics Land Systems 2 INEL/EG&G
ATTN: MZ-4362055, Gary Jackman ATTN: Ray Berry

Dr. Paulus Kersten M. Marx Hintze
William M. Mrdeza PO Box 1625

P.O. Box 2074 Idaho Falls, ID 83451
Warren, MI 48317

1 Rensselear Polytechnic Inst.
4 General Dynamics Corporation Interactive Computer Graphics Center

ATTN: MZ-5965, Dr. Fred Cleveland ATTN: M. Wozny
MZ-2650, Dave Bergman Troy, NY 12181
MZ-2860, John Romanko
MZ-2844, Cynthia Waters 1 International Development Corporation

PO Box 748 ATTN: Trevor 0. Jones
Ft. Worth, TX 76101-0748 One Cleveland Center, Suite 2900

1375 East Ninth Street
6 General Dynamics Land Systems Cleveland, OH 44114-1724

ATTN: Richard Auyer
Otto Renius I Intergraph
N. S. Sridharan National Exploitation Systems
Dean R. Loftin ATTN: John H. Suter
Dr. Phil Lettn 2051 Mercator Drive
Don Yustick, MZ 436-21-19 Reston, VA 22091-3413

PO Box 2074
Warren, Mil 48090-2074 1 ISAT

ATTN: Roderick BriggsGeneral Motors Corporation 1305 Duke Street
Research Laboratories Alexandria, VA 22314
ATTN: R. Sarraga
30500 Mound Road I ITT Defense
Warren, MI 48090 ATTN: Joseph Conway

1000 Wilson Blvd., 30th Floor
General Motors Corporation Arlington. VA 22209
Allison Gas Turbine Division
ATTN: Dr. John A. MacBain I Joint Technical Coordinating Group
Low Observables Technology ATTN: Philip Weinberg
PO Box 420, Speed Code W-16 JTCG/AS5
Indianapolis, IN 46206-04120 AIR-516J5

GTRI-RAIL-MLAD Washington, DC 20361-5160

ATTN: Mr. Joe Bradley I California Institute of Technology
CRB 577 Jet Propulsion Laboratory
Atlanta, GA 30332 ATTN: D. Lewis

4800 Oak Grove Drive
Pasadena, CA 91109
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Kaman Sciences Corporation 1 Lockheed Palo Alto Research Lab
ATTN: Timothy S. Pendergrass ATTN: John A. DeRuntz, JR
600 Boulevard South, Suite 208 0/93, B/251
Huntsville, AL 35802 3251 Hanover Street

I InPalo Alto, CA 94304/ Ketron, Inc.

ATTN: Robert S. Bennett I Logistics Management Institute
901 Dulaney Valley Rd, Suite 220 ATTN: Edward D. Simms Jr.
Baltimore, MD 21204-2600 6400 Goldsboro Road

Bethesda, MD 20817-5886
2 Keweenaw Research Center

Michigan Technological University I Los Alamos Technical Associates, Inc.
ATTN: Bill Reynolds ATTN: Jon Davis

Allen Curran 6501 Americas Parkway, #900
Houghton. MI 49931 Albuquerque, NM 87110

Lanxido Armor Products 2 Los Alamos Technical Associates, Inc.
ATTN: Dr. Robert A. Wolffe ATTN: James C. Jacobs
Tralee Industrial Park Donald NM. Lund
Newark, DE 19711 8550 Arlington Boulevard

Suite 301
Meredith Company Fairfax, VA 22031
ATTN: Dr. F. Paul Carlson
5001 West 80th Street 1 Los Alamos Technical Associates, Inc.
Suite 500 ATTN: Thomas Giacofci
Minneapolis, MN 55437 3020 Hamaker Court

Fairfax, VA 22031
2 Lincoln Laboratory, MIT

ATTN: Dr. Robert Shin I LTV Aerospace and Defense Company
Dr. Chuck Burt ATTN: Daniel M. Reedy

P.O. Box 73 PO Box 655907
Lexington, MA 02173 Dallas, TX 75265-5907

Lincoln Laboratory, MIT 3 Martin Marie~ta Aerospace
Surveillance Systems Group ATTN: MP-113, Dan Dorfman
ATTN: R. Barnes MP-433, Richard S. Dowd

G. Knittel MP-243, Thomas C. D'Isepo
J. Kong PO Box 555837

244 Wood Street Orlando, FL 32855-5837
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